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ABSTRACT

This report consists of a brief description of concepts, program develop~
ments, and typical performance estimates of gravity-gradient stabilized,
lenticular passive communication satellites, The program was funded
through the 0SSA, Division of Communications and Navigation, under Con-
tract NAS1-3114, More detailed discussions are contained in the

references listed in this report.
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INTRODUCTION

This report summarizes development of the lenticu-
lar communication satellite. Comparisons of the
lenticular communication satellite with other pas-
sive systems are made.

More detailed information is obtainable from the
references given in the List of References at the
end of the report.

The work reported was accomplished by Goedyear
Aerospace Corporation for National Aeronautics
and Space Administration, Langley Research Cen-
ter, under Contract NAS 1-3114.
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PASSIVE COMMUNICATION SYSTEM PERFORMANCE

PASSIVE REFLECTOR

® SERVICE
| — TELETYPE - Cw
\ ™~ BROADCAST
P ! / ~ TELEPHONE
e | / g
/ g TELEVISION
\ TELEPHONE “ / BROADCAST
TELEPH
I ONE / ® SIMULTANEOUS OPERATIONS

$ \\ \

\ﬁmm_s_z.o._.- -

= T T =

~

By trading ground-terminal capability into a master
terminal duplex; simultaneous communications are

possible with a variety of remote stations of lesser

capability.

-
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LENTICULAR CONFIGURATION CONCEPT

HIGH ALTITUDE

SPHERICAL SEGMENTS g LENTICULAR
LENTICULE

SPHERE \

: S [

\

ANGLE, P

- .
LOW
HORIZON-TO-HORIZON COVERAGE ALTITUDE
RADIUS OF LENTICULAR
NOTE:
CURVATURE, p ~ANGLE, 0
FOR GROUND ANTENNA ELEVATION ANGLE = 5 DEG 2

100

80
<
ul
I 60
(U]
2z
<
S o
N SYNCHRONOUS
0
P20
pid
W]
-4 o I I | | I T T I | | -

sL 5,000 10,000 15,000 20,000 EARTH

ALTITUDE (NAUTICAL MILES)
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LENTICULAR SATELLITE PROGRAM

Objectives - To determine feasibility of stabilizing the lenticular satel-

lite passively by means of earth’s gravity-gradient field

To determine feasibility of rigidized RF lens, utilizing

wire-grid/photolyzable-film materials

LENTICULAR FEASIBILITY STUDY

KEY RESEARCH AREAS

Deployment

Dynamics and solar sailing
Structures

Materials

Microwave
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LENTICULAR SATELLITE - THEORETICAL STABILIZATION PERFORMANCE

A. 6000-NAUT-MI ALTITUDE

mA

LAUNCH WEIGHT - 2,256.5LB

B.

SYNCHRONOUS ORSIT

p = 1280 FT

6 = 21.34 DEG

LAUNCH WEIGHT - 3,636.7 LB

ORBITAL WEIGHT - 1,116.5 LB ORBITAL WEIGHT - 2,380.6 LB
A
A B

2 s 5

ROLL AND PITCH AXIS INERTIA, I =1 (SLUG-FT") 28.66 x 10 78.2 x 10
2 6 5

YAW AXIS INERTIA, _NN (SLUG-FT ) 4.359 x 10 6.336 x 10
2 4 5

DAMPER HOOM INERTIA, |_ (SLUG-FT") 5.73 X 10 7.82 x 10

STABILIZATION SYSTEM WEIGHT (LB)

98.9

NO. OF ORBITS TO ACHIEVE 95-PERCENT TRANSIENT DECAY (TIME, DAYS) 31 (8.3 DAYS)

STABILIZATION ERROR CAUSED BY 1-PERCENT ORBIT ECCENTRICITY

STABILIZATION ERROR CAUSED BY SOLAR PRESSURE TORQUES

PITCH - 0.8
ROLL - 0.02
YAW -0.2
PITCH - 0.2
ROLL - 0.16

YAW - 0.1

269.1

4.2 (4.2 DAYS)
PITCH - 1.06
ROLL. - 0.02

YAW - 1.4
PITCH -2

ROLL - 1.6
YAW -3
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DEPLOYMENT TESTS

20-FT-DIAMETER MODEL

PACKAGED MODEL AND CANISTER

DEPLOYMENT TEST MODEL 20-1

(Goop,”YEAR )
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ORBIT POSITION CONTROL - SOLAR SAILING

CONCEPT - USE OF SOLAR REFLECTOR/ABSORBER SURFACE AND SATELLITE YAW CONTROL FOR STATION KEEPING

MATERIAL CHARACTERISTICS

LOW-REFLECTIVITY, LOW-EMISSIVITY SIDE HIGH-REFILECTIVITY, HIGH-EMISSIVITY SIDE
R > 0 € > 0 R > 1 ‘ € > 1
SOLAR ABSORBER (HAAS DARK MIRROR)

. SOLAR REFLECTOR
—— e —— 1000 A THICK S10

100-200 A THICK AL
lllllll 1000 A THICK SIO
rtshnsasas 2000 A THICK AL

1/4-Mil. MYLAR SUBSTRATE -

||||||| 2000 A THICK SiO
AAAA A Ao AP 2000 A THICK AL
1/4-MIL MYLAR SUBSTRATE

CONFIGURATIONS

STUDIED
A - SAIL (ASYMMETRIC) B - saiL (syMmmeTRIC) (C - OPAQUE LENS [D - SAIL IN LENS
- YAW STIFFNESS THROUGH | = 1071
PERFORMANCE SATELLITE s PITCH ROLL
MOBILITY - 100 DEG/MONTH

MODES - BUILDUP/DECAY/STANDBAY

UPSETTING TORQUES - KEPT AT MINIMUM OR BALANCED

-13-
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STRUCTURES - TESTS

RIM TORSION TEST

RIM BENDING TEST

RAPID INFLATION TESTS

TENSILE TESTS - INSTRON

DIAPHRAGM TESTS

-15-

STABILITY TESTS

FLEXURAL STIFFNESS
MEASUREMENT (EI)
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PHOTOLYZABLE FILM TEST DATA

FILM WEIGHT LOSS (PERCENT )

= R
| | | |
e T I 240
| | | 7 |
| | | { i
| 7 | |
1 —t——r 1200
| , ,
ﬁ | | |
| 0
. W N A R
W WEIGHT LOSS H , ,
S ;T —— %
, V v |
| | {
_ | L
0 ; 80
20 20 80 100 120 140 160 180 200

EXPOSURE TIME ( MINUTES )

FILM TEMPERATURE (FAHRENHEIT)
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RELATED MATERIALS

These materials have been considered by Goodyear Aerospace for similar
applications:
Wire types and sizes - aluminum (1- to 20-mil range)
copper (1- to 10-mil range)
shosphor bronze (1.6 mil)
stainless steel (3 mil)
Film - photolyzable (2 1/2 mil)
Mylar (2 1/4 mil)
Nylon
Aclar
Grid sizes - (1 by 1) to (40 by 40)
Adhesive - Vitel
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MICROWAVE MODELS AND TEST SETUPS

SOLID MODEL WITH
THIN BOOMS

SOLID MODEL
WITH LARGE
BOOMS

FIBERGLASS
MODEL

RF TEST SETUP

TYPICAL MODEL - VERTICAL AND 45-DEG SEAM

-21-
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RECOMMENDATIONS

Study should be conducted to relate satellite requirements
with ground equipment to define the most promising passive

communication satellite system

Flight test program should be initiated to gain experience

for development of prototype communicalion system

\l//y/
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PORT - PHASE 1l. AKRON, OHIO. GOODYEAR AEROSPACE CORPORATION, NOVEMBER 1964.

5. GER-11891: ADVANCED PASSIVE COMMUNICATION LENTICULAR SATELLITE STUDIES - SUMMARY RE-
PORT - PHASE [lI. AKRON, OHIO, GOODYEAR AEROSPACE CORPORATION, DECEMBER 1964.

6. GER-11893: STUDY OF A PASSIVE COMMUNICATION, GRAVITY-GRACIENT STABILIZED, LENTICULAR
SATELLITE - INTERIM SUMMARY REPORT. AKRON, OHIO, GOODYEAR AEROSPACE CORPORATION,

JANUARY 1965.

7. GER-12330: RADAR REFLECTIVITY TEST AND ANALYSIS OF A LENTICULAR PASSIVE COMMUNICATION
SATELLITE. AKRON, OHIO, GOODYEAR AEROSPACE CORPORATION, SEPTEMBER 1965.

8. GER-12331: RADAR REFLECTIVITY TEST DATA ON A LENTICULAR PASSIVE COMMUNICATION SATEL-

LITE. AKRON, OHIO, GOODYEAR AEROSPACE CORPORATION, SEPTEMBER 1965.

9. GER-12356: DESIGN STUDIES OF ADVANCED LENTICULAR PASSIVE COMMUNICATIONS SATELLITES FROM
LOW TO SYNCHRONOUS ORBIT. AKRON, OHIO, GOODYEAR AEROSPACE CORPORATION, OCTOBER 1965.
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